Rasch analysis offers a framework and method to increase an assessment's clinical interpretability with an output called a "keyform." A keyform is a pencil-paper scoring template (Kielhofner, Dobria, Forsyth, & Basu, 2005; Linacre, 1997; Velozo, Warren, Hicks, & Berger, 2013) upon which a therapist records item ratings then examines the pattern of item responses. The keyform is formatted according to Rasch model expectations that a client will successfully accomplish easy items, have less success with difficult items, and have a 50% probability of success on items with a difficulty level similar to his or her ability level. The item response pattern will be consistent with this expectation; the client will have a consistent pattern of good ratings on easy items, a consistent pattern of poor ratings on difficult items, and a fluctuation of ratings on a region of the keyform called the transition zone (Velozo & Woodbury, 2011) where item difficulties match the clients' ability level. The transition zone indicates behaviors (tested by assessment items) that are optimally difficult for an individual (Linacre, 1997) . This information is important because a key ingredient of motor recovery therapy is taskspecific practice (TSP) at the optimal, just-right, level of challenge (Guadagnoli & Lee, 2004) . Therefore, the keyform allows a clinician to identify appropriately challenging behaviors, represented by items in the transition zone, to target in TSP sessions (Bode, Heinemann, Kozlowski, & Pretz, 2014; Kielhofner et al., 2005; Velozo & Woodbury, 2011; Woodbury, Velozo, Richards, & Duncan, 2013) . Rasch keyforms have been used to improve the scoring, interpretation and clinical utility of assessments of vision , disorders of consciousness (Pape, Mallinson, & Guernon, 2014) , functional independence (Bode et al., 2014) , pediatric gross motor function (Avery, Russell, Raina, Walter, & Rosenbaum, 2003) , and poststroke UE impairment (Woodbury et al., 2016) . To our knowledge, there is only one UE stroke assessment (Velozo & Woodbury, 2011; Woodbury et al., 2016 ) with a keyform, and there are no keyforms for measuring poststroke UE function. Given the dearth of rehabilitation keyforms, few clinicians are aware that they exist or understand how they are used.
This article, using the ARAT as an exemplar, demonstrates how keyforms may inform care planning. The purposes are to generate an ARAT keyform and demonstrate how a clinician can use it to design optimally challenging rehabilitation sessions. Several groups have applied Rasch or other item response analysis methods to the ARAT (Chen, Lin, Wu, & Chen, 2012; Koh et al., 2006; van der Lee et al., 2002) and found that the rating scale was adequate and that the ARAT is a precise and reliable measure. Therefore, we believe the ARAT is suitable for keyform development.
Method

Participants and Study Design
A secondary analysis of existing data pooled from five stroke rehabilitation intervention studies conducted at three academic health/research centers was performed. Study sites were located in midsized cities in the United States that provided a diverse sample.
The full 19-item ARAT (i.e., all items tested) was administered at each site by trained therapists using similar standardized procedures. De-identified preintervention data were obtained from each site in accordance with local data sharing regulations. It was feasible to pool data because the studies had similar eligibility criteria. Participants were included if they experienced a stroke ≥3 months prior and had UE hemiparesis. Participants were excluded if they had severe hemiparesis (e.g., no palpable triceps contraction), had severe spasticity (Modified Ashworth Scale >3 in elbow, wrist, or fingers), were unable to follow one-step commands (due to severe aphasia or cognitive impairment), or reported UE pain. All procedures were approved by local institutional review boards and adhered to the ethical standards of the revised Declaration of Helsinki. All participants or their proxies provided informed consent.
Data Analysis
Confirmatory factor analysis (CFA) . CFA tested the hypothesis that all items measure a single skill (unidimensionality; Kline, 2005; Velozo & Woodbury, 2011) . Four models were fit: one-factor, two-factor (Factor 1: grasp, grip, pinch; Factor 2: gross motor), three-factor (Factor 1: grasp, grip; Factor 2: pinch; Factor 3: gross motor), and four-factor (Factor 1: grasp; Factor 2: grip; Factor 3: pinch; Factor 4: gross motor; M-Plus version 6; Muthén & Muthén, 2010) using weighted least-squares means with variance adjusted (Brown, 2006 (Kenny, Kaniskan, & McCoach, 2015) ; therefore, each item's standardized factor loadings and R 2 values were also examined to indicate the level of association between the item and underlying construct; and factor loadings values >0.40 and item R 2 values >.60 indicate adequate association (Hu & Bentler, 1999; Kline, 2005; Marsh, Balla, & McDonald, 1988) . The fit indices for each model were compared to determine the one that best fit the data.
Rasch analysis. The Rasch rating scale model (Winsteps v.3.75; Bond & Fox, 2007; Wright & Stone, 1979) was applied to examine ARAT measurement properties (Linacre, 2012) .
Rating scale. The rating scale was examined to assure that lower ratings were consistently given to lower functioning individuals and vice versa. Following Linacre's guidelines (Linacre, 2002) , adequate rating scale diagnostics were defined as follows: >10 observations per rating category, average measures advance monotonically with each category, category thresholds increase with each category, and the outfit mean square residual (MnSq) value for each category <2.0.
Item fit. Item infit statistics, reported as MnSq with associated standardized z values, indicated how well the data fit the Rasch model (Wright & Stone, 1979) , specifically with regard to items that closely match subjects' ability (Wright, Linacre, Gustafson, & Martin-Lof, 1994) . Clinical observation MnSq values <0.5 or >1.7 with z score >2.0 = misfit (Wright et al., 1994) .
Point measure correlations. Point measure correlations indicated the degree to which each item represented the underlying construct: <.30 = weak, .31 to .59 = moderate, and >.60 = strong (Andresen, 2000) .
Person reliability and separation. Person reliability, analogous to Cronbach's alpha, and person separation indicated how well the items differentiated ability levels. The person separation index was used to calculate the number of statistically distinct strata (i.e., ability levels) into which the assessment divided subjects using the following equation: (4 × separation index + 1) / 3 (Fisher, 1992; Wright & Masters, 1982) . We considered reliability values >.90, separation index values >2, and strata ≥3 as adequate for this clinical application (Wright & Masters, 1982) .
Item-difficulty hierarchy. Rasch analysis calculated itemdifficulty and person-ability measures to a single metric (logit units, which are equal-unit intervals) so that items were ordered from easy-to-difficult and the sample was ordered from less-to-more ability. We examined item-person map to ascertain the congruency between the Rasch derived and originally proposed (Lyle, 1981) item-difficulty hierarchies.
Keyform and its use for goal setting and treatment planning. An ARAT keyform was generated from the "general keyforms" output option (Winsteps v.3.75; Linacre, 1997) . To illustrate the process of using the keyform to interpret the ARAT score, we randomly selected a participant with high ability (ARAT score 39-57), displayed his or her raw data on the keyform, identified a transition zone, described appropriately challenging therapy goals, and provided examples of how the goals could link to treatment.
Results
Demographics
The pooled n = 122 data set yielded a diverse sample with a wide range of ability (Table 1) . Participants averaged 57 years of age (SD = 13.7) with ischemic stroke and moderate UE impairment (ARAT total score, M = 27.3, SD = 16.6).
CFA
The results for the one-factor, two-factor, three-factor, and four-factor analyses are presented in Table 2 . All models had (Brown, 2006) . The one-factor CFI and TLI both met criterion (CFI = 0.99, TLI = 0.99). The RMSEA did not meet criterion (RMSEA = 0.15); however, all standardized estimates and R 2 values exceeded criterion (estimates all >0.4, range = 0.82-0.98; R 2 > .6, range = .65-.96), thus supporting essential unidimensionality (Kline, 2005) .
Rating Scale
For each rating category, there were >10 observations, average measures increased monotonically, the category thresholds increased with each category, and the outfit MnSq values <2.0 (Table 3) .
Item Fit
All items exhibited adequate infit statistics (Table 4) .
Point Measure Correlations
All point measure correlations were >.60 (Table 4) .
Person Reliability and Separation
Person reliability = .98, person separation = 7.07, and the subjects were divided into nine statistically distinct levels.
Item-Difficulty Hierarchy
Item-difficulty measures (Table 4) ranged from -2.78 logits (hand to mouth) to 2.64 logits (ball bearing ring and thumb). Within each subtest, item difficulties were congruent with the original item-difficulty order. For example, in the Grasp subscale, the 2.5 cm block was the easiest and the 10 cm block was the most difficult item. Some items had similar item-difficulty measures. For example, the washer and pouring water items from the grip subtest and the marble index and thumb item from the pinch subtest had similar difficulty levels (0.24, and 0.32 and 0.38 logits, respectively). The item-person map (Figure 1) illustrates that the items were well-matched to the range of the samples' ability measures (i.e., mean of item difficulties was 0.0 and mean of person abilities was 0.13).
Keyform
Figure 2 presents an ARAT keyform for an individual with high ability (ARAT score = 42). On the figure's right side, items are arranged in descending difficulty order from hard (top) to easy (bottom). On the figure's left side, the 4-point rating scale is plotted relative to the measurement metric at the figure's base. The ratings stairstep upward from left to right as item difficulties increase. The participant's actual item ratings are circled. Consistent with Rasch model expectations, this person performed easy items well (consistent ratings = 3 on easy items) but had difficulty with harder items (consistent ratings = 2 on the majority of hard items). In the middle, the ratings deviate back and forth between adjacent ratings, for example, 3 to/from 2. This region, the transition zone, indicates behaviors (tested by specific items) for which the participant has some, but not full, ability to perform. Conceptually this zone represents the point at which the patient is transitioning from one level ability to the next higher level of ability and mathematically has a 50% probability of receiving adjacent item ratings. Behaviors tested by items in the transition zone are expected to recover sooner than behaviors tested by items above the transition zone. Therefore, transition zone items (e.g., cricket ball, pour water) suggest grasp patterns (e.g., spherical grasp, cylindrical grasp) that can be addressed in shorter term therapy goals. Items above the transition zone (e.g., ball bearing) suggest prehension patterns (e.g., palmar prehension) that can be addressed in longer term goals. A second keyform is also provided as an example of an individual with moderate ability (Figure 2 ).
Keyform for Treatment Planning
The goals suggested by the keyform transition zone can be linked to treatment activities. For example, the keyform (Figure 2 ) indicated that the therapist addresses the prehension patterns associated with the "cricket ball" (spherical grasp), "pouring water" (cylindrical grasp), and "marble index and thumb" (pincher grasp) for shortterm goals. Table 5 links this information to possible therapy activities. For example, a therapist may set a functional goal (e.g., self-feeding) that requires use of a pincher grasp and then select and grade repetitive TSP activities that promote practice and mastery of this prehension pattern.
Discussion
This study aimed to generate an ARAT keyform and demonstrate its use for setting goals and planning treatment. First, we explored the ARAT's item-level measurement properties to assure that it accurately measured UE function. While others have conducted factor analyses, item response analysis, and Rasch analysis of the ARAT, the unique contribution of this article is the ARAT keyform. The ARAT keyform enables clinicians to link patient evaluation to the design of an individualized treatment plan.
Dimensionality
We found that the full 19-item ARAT is unidimensional, a result consistent with the literature (Chen et al., 2012; Koh et al., 2006; van der Lee et al., 2002) . Lyle (1981) suggested the assessment be scored as four subtests. Our analysis supports current practice which is to sum all items and report an aggregate score.
Rating Scale
The 4-point rating scale was adequate in this sample, a finding inconsistent with Chen et al. (2012) who suggested Repetitive task-specific practice using paretic UE to pick up objects of various sizes and weights (e.g., ball, orange), use paretic UE to stabilize container, practice using computer mouse; open lever handle doors Pouring water Cylindrical grasp In 3 weeks, client will be able prepare simple breakfast (cereal, juice) using paretic UE to pour cereal, milk, and juice without spilling contents.
Repetitive task-specific practice using paretic UE to pick up objects of various sizes, weights, and contents (e.g., can, jar cup, water, sugar) and pour contents into container; water flowers; use hammer Marble index and thumb
Pincher grasp
In 3 weeks, the client will be able to use paretic UE to self-feed small finger foods 80% of trials.
Repetitive task-specific practice using paretic UE to pick up/manipulate objects of various shapes and sizes (e.g., fasten buttons, place coins in pouch, play leisure game with small game pieces)
Item Fit
We showed that all items fit the Rasch model. In contrast, Chen et al. (2012) found two items (hand behind head and hand to top of head), Koh et al. (2006) found three items (ball bearing ring/thumb, marble ring/thumb, and 10 cm block), and van der Lee et al. (2002) found four items (ball bearing ring/thumb, ball bearing middle/thumb, ball bearing index/ thumb, and marble ring/thumb) that failed to fit the model tested. In our study, the ball bearing ring to thumb item approached misfit that, when taken together with the literature, may indicate "noise" in this item. One interpretation is that factors other than the construct being measured influence the response to a misfitting item. Perhaps biomechanical or anatomical factors influence a person's ability to perform this prehension pattern more so than prehension patterns tested by other items.
Person Reliability and Separation
Similar to the body of literature (Chen et al., 2012) , we found the ARAT to be reliable and precise. The person separation value (7.07) indicated the ARAT is able to differentiate the sample's ability into nine strata. In contrast, Chen et al. (2012) reported a lower value (3.83) and differentiation into four strata. The difference in results is likely because our sample had a wider range of ARAT scores, thus more ability strata. However, the clinical relevance of being able to detect nine versus four ability strata remains unknown and could be explored in future studies.
Item-Difficulty Hierarchy
The Rasch-derived item-difficulty order was consistent with Lyle's originally hypothesized order, a finding consistent with van der Lee et al. (2002) . However, our results differ from Chen et al. (2012) and Koh et al. (2006) who found that pinch (Chen) (Bode et al., 2014; Pretz et al., 2015; Velozo et al., 2013; Velozo & Woodbury, 2011) . The ARAT keyform now joins this growing family of keyforms available to therapists. We illustrated how a clinician can use the ARAT keyform to design treatment. As shown in the examples, a therapist could use a keyform to plan treatment by first administering the ARAT and circling the patient's item ratings on the keyform. Next, the therapist would locate the transition zone by following the consistent pattern of ratings at the bottom of the keyform upward until it deviates to the next lower adjacent rating (e.g., from a rating of 3 to 2 or from a rating of 2 to 1, or from a rating of 1 to 0). This deviation will mark the lower boundary of the transition zone that is defined as the first six consecutive items for which at least four of these items received the next lowest rating. These six items represent the expected next steps in the subject's transition from a current skill level to a greater skill level and will therefore be the movements to target in the task practice therapy session. For example, the participant (higher ability) represented in Figure 2 received high ratings on easy items, lower ratings on more difficult items, and had fluctuating ability on moderately difficult items evidenced as a region of back-andforth ratings in the middle of the keyform. This region is the transition zone because it represents the client's transition from one ability level to the next higher ability level. ARAT items within this zone are neither too easy nor too difficult and indicate different grasp/prehension patterns at the "just right" challenge level. The therapist can then use this information to plan treatment because the transition zone displays which items a client is more likely to improve on in the short term, thus forming the basis for therapy goals and intervention approaches. The goals and activities presented are examples of ways a clinician could use this information to personalize goals and treatment activities that are meaningful to each client. The ARAT keyform offers a unique and novel tool that clinicians can use to facilitate treatment planning that may enhance patient outcomes.
Study Limitations
A limitation of this study was the relatively small sample size and corresponding lack of statistical power used to conduct the CFA. In addition, keyforms are less useful for individuals of very high/low ability because there is greater measurement error at these extremes due to floor/ceiling effects (Velozo & Woodbury, 2011) . Clinicians may find that using a keyform with these individuals is less effective; however, these individuals are not being measured well by the ARAT regardless of whether there is a keyform. The keyform presented highlights potential short-term/long-term goals. However, the demarcation is inexact and provides a general guideline to illustrate how goals can be established using the keyform.
Future Studies
Although we believe that the ARAT keyform is a useful tool for clinicians, future studies should examine the feasibility of using the keyform in clinical practice to determine whether the keyform has an impact on clinicians' use of the ARAT. Future studies should also examine whether using the ARAT keyform enhances UE outcomes.
Implications for Occupational Therapy Practice
Our findings indicate that the ARAT has strong measurement properties and provides a logical basis to generate a keyform. The keyform may facilitate occupational therapists' use of the ARAT in clinical practice due to its applicability in goal setting and treatment planning.
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